1. Introduction {#sec1}
===============

Diabetes mellitus (DM), a chronic metabolic disorder characterized by hyperglycemia, can be classified into types 1 and 2 and gestational DM.^[@ref1]^ Among them, type 2 DM accounts for about 90--95% of all cases of diabetes.^[@ref2]^ With reference to the 2017 statistics taken from the International Diabetes Federation, about 425 million people suffer from diabetes worldwide, with the number growing at a surprising rate; it is estimated that it would reach 693 million by the year 2045. Hyperglycemia is the major cause of damage to various organs, including the eyes, kidneys, heart, and blood vessels.^[@ref3]^ Inhibiting α-glucosidase to alleviate glucose formation and improving insulin resistance to promote glucose consumption are two frequently employed effective methods for treating diabetes.^[@ref4],[@ref5]^ In addition, it is known that oxidative stress reduction can relieve tissue damage associated with glucose metabolism, thus facilitating diabetes management.^[@ref6]^ In recent years, much attention has focused on various natural antidiabetic compounds derived from edible fungi in view of their low degree of side-effects.^[@ref7]^

*Phellinus baumii*, well-known as "Sanghuang" in China, is a valued functional fungus that has been widely used over the centuries as a food source in several East Asian countries, including China, Korea, and Japan. *P. baumii* possesses a wide range of biological activities, such as decreasing blood lipid levels, antitumor, antiinfluenza, and antioxidation capacities, and regulating blood sugar levels.^[@ref8]−[@ref12]^ It consequently has the reputation of being called "forest gold." The phenolics separated from the fruit body of wild *Phellinus* have been shown to exhibit a hypoglycemic effect; they consist of hispidin, chlorophellins C, gilvsins A, B, C, D, 7,8-dihydroxycoumarin, 3,4-dihydroxybenzalacetone, 7,3′-dihydroxy-5′-methoxyiso-flavone, and inoscavin C.^[@ref13]−[@ref16]^ However, wild *Phellinus* is a valuable and rare resource, which hinders its sustainable development and industrial utilization. Therefore, in order to meet increasing demands, great effort has been devoted during the past decade for its successful large-scale cultivation.

Previous studies have revealed that extracts and some phenolic compounds from the wild *Phellinus* fruit body demonstrate a hypoglycemic effect ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). However, there are only a limited number of studies regarding the chemical compounds and biological activity of the fruit body derived from cultivated *P. baumii*, and their antidiabetic role has barely been investigated. Thus, the aim of this work is to investigate whether the fruit body of cultivated *P. baumii* has a hypoglycemic effect and whether it contains phenolics similar to those of its wild type. A sample from a cultivated *P. baumii* fruit body was extracted and fractioned using different polar solvents \[petroleum ether (PET), ethyl acetate (EtOAc), and *n*-butanol (*n*-BuOH)\] in succession. The in vitro hypoglycemic effects of different fractions were evaluated by α-glucosidase inhibition and glucose consumption assay in a IR-HepG2 cell model, and the phenolics in the active fraction were characterized by liquid chromatography--mass spectrometry (LC--MS). Furthermore, free-radical scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)diammonium salt (ABTS), and hydroxyl were used to assess the antioxidative activities of the screened fraction.

###### Antidiabetic Activities of Reported Extracts or Compounds from Genuses of *P. baumii*, *Phellinus igniarius,* and *Phellinus linteus*

  antidiabetic approach               source           extracts/compounds                                                                                        result                                     references
  ----------------------------------- ---------------- --------------------------------------------------------------------------------------------------------- ------------------------------------------ ------------
  α-glucosidase inhibitory activity   *P. baumii*      crude exopolysaccharides                                                                                  inhibition rate = 59.70% (5.0 mg/mL)       ([@ref21])
                                      *P. baumii*      purification exopolysaccharides                                                                           inhibition rate = 53.73% (5.0 mg/mL)       ([@ref21])
                                      *P. linteus*     methanol extracts                                                                                         IC~50~ = 477.33 ± 17.55 μg mL^--1^         ([@ref22])
  reduction of oxidative stress       *P. linteus*     hispidin                                                                                                  oxygen species scavenging activity = 55%   ([@ref13])
  enhancement of glucose uptake       *P. igniarius*   7,8-dihydroxycoumarin, 3,4-dihydroxybenzalacetone, 7,3′-dihydroxy-5′-methoxyisoflavone, and inoscavin C   increased glucose uptake by 1.73-fold      ([@ref16])

2. Results and Discussion {#sec2}
=========================

2.1. Fraction Yields and Their Total Polyphenolic Content {#sec2.1}
---------------------------------------------------------

The compounds from the fruit body of cultivated *P. baumii* were fractionally extracted with different polar solvents. As shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}, the yield of each fraction was 15.98 ± 1.56% \[ethanol extracts (EE)\], 1.74 ± 0.34% (PET fraction), 3.31 ± 0.41% (EtOAc fraction), and 4.12 ± 0.37% (*n*-BuOH fraction). In recent decades, phenolics have been excessively investigated as the main type of antioxidation compound and also in terms of other activities. Therefore, the contents of total polyphenols in different fractions of cultivated *P. baumii* were measured. The results revealed that the total phenolic content in the EE was 5.57 ± 0.46%; it was mainly present in the EtOAc fraction (2.63 ± 0.31%) and the *n*-BuOH fraction (1.77 ± 0.28%) but far less was present in the PET fraction (0.47 ± 0.13%) and the water fraction (0.23 ± 0.11%). The phenolic purity of cultivated *P. baumii* was of the order EtOAc fraction (79.45 ± 0.48%) \> *n*-BuOH fraction (42.96 ± 2.94%) \> EE (34.86 ± 0.52%) \> PET fraction (27.01 ± 2.19%) \> water fraction (16.67 ± 1.83%), calculated from the phenolic contents of each obtained fraction against its corresponding yield. The reason for this was possibly the polarity of phenol being much closer to those of ethyl acetate and *n*-butanol phase.

![Extraction yield and total polyphenol contents of different fractions from the cultivated *P. baumii* fruit body. Results are means ± SD (*n* = 3). Different letters indicate a significant difference by Duncan's multiple test at *P* \< 0.05.](ao9b04478_0001){#fig1}

2.2. α-Glucosidase Inhibitory Effect of the Fractions {#sec2.2}
-----------------------------------------------------

α-Glucosidase inhibition in the small intestine is a simple and effective way by which hyperglycemia treatment can manage type 2 DM.^[@ref17]^ It was reported that different sources of phenolics play a role in inhibiting α-glucosidase; for instance, examples of such phenolics include anthocyanidin derivative from blueberry, blackcurrant, and blue honeysuckle fruits,^[@ref18]^ catechins derivative derived from green tea, and rosmarinic acid derived from *Perilla frutescens*.^[@ref19],[@ref20]^ Hence, it was of interest to explore whether the phenolics in the cultivated *P. baumii* fruit body had similar biological effects. The results of α-glucosidase inhibitory activities from *P. baumii* extracts are summarized in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. The activities of α-glucosidase inhibition in these extracts were in the order of EtOAc fraction (IC~50~ = 49.05 ± 3.14 μg mL^--1^) \> *n*-BuOH fraction (IC~50~ = 68.37 ± 3.83 μg mL^--1^) \> PET fraction (IC~50~ = 95.47 ± 4.93 μg mL^--1^) \> EE (IC~50~ = 179.81 ± 6.93 μg mL^--1^) \> water fraction (IC~50~ = 378.97 ± 13.73 μg mL^--1^), where IC~50~ is the half-inhibitory concentration value. Results showed that all fractions displayed potent inhibitory activity as compared to the positive control of acarbose (IC~50~ = 645.73 ± 7.86 μg mL^--1^) and that the EtOAc fraction was the foremost. The inhibition tendency was almost consistent with that of the purity level. A previous study reported that the α-glucosidase inhibitory activity of bioactive exopolysaccharide from the cultured broth of *P. baumii* was lower than that of acarbose.^[@ref21]^ Besides, the methanol extracts from the wild *P. baumii* fruit body inhibited α-glucosidase with an IC~50~ value of 477.33 ± 17.55 μg mL^--1^, which was better than the inhibition by acarbose^[@ref22]^ but significantly inferior to our EtOAc fraction from cultivated *P. baumii*. The references indicated that small-molecule compounds might possess higher α-glucosidase inhibition activity than the macromolecular polysaccharides from *P. baumii*. Combining the experimental results, we inferred that the substances inhibiting α-glucosidase activity in the cultivated *P. baumii* fruit body were mainly derived from the extracts of ethyl acetate and probably belonged to phenolics according to our previous description. In short, the EtOAc fraction being rich in phenols from the cultivated *P. baumii* fruit body could dramatically inhibit α-glucosidase activities and had a potential effect of lowering the blood sugar levels.

###### α-Glucosidase Inhibitory Activities of Samples from the Fruit Body of Cultivated *P. baumii*[a](#t2fn1){ref-type="table-fn"}

  sample              IC~50~ (μg mL^--1^)
  ------------------- ---------------------
  EE                  179.81 ± 6.93^c^
  PET fraction        95.47 ± 4.93^d^
  EtOAc fraction      49.05 ± 3.14^f^
  *n*-BuOH fraction   68.37 ± 3.83^e^
  water fraction      378.97 ± 13.73^b^
  acarbose            645.73 ± 7.86^a^

Results are taken as means ± SD (*n* = 3). Different letters indicate a significant difference using Duncan's multiple test at *P* \< 0.05.

2.3. Identification of Ethyl Acetate Fraction Compounds {#sec2.3}
-------------------------------------------------------

As presented in [Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}, six major polyphenolic compounds in the EtOAc fraction of cultivated *P. baumii* fruit bodies were tentatively identified by LC--MS. [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}A shows the high-performance liquid chromatography (HPLC) chromatograph at an ultraviolet wavelength of 254 nm; according to the data and literature, they were identified as osmudacetone, hispidin, davallialactone,2,5-bis(4,7-dihydroxy-8-methyl-2-oxo-2*H*-chromen-3-yl)cyclohexa-2,5-diene\--1,4-dione, hypholomin B, and inoscavin A, and the relative area of each peak was 1.09, 2.96, 13.72, 10.70, 34.66, and 6.32%, respectively. Most of the compounds were previously identified in the wild *Phellinus* fruit body;^[@ref23]−[@ref25]^ nevertheless, 2,5-bis(4,7-dihydroxy-8-methyl-2-oxo-2*H*-chromen-3-yl)cyclohexa-2,5-diene-1,4-dione was rarely found in the *Phellinus* species. These compounds belong to the hydroxycoumarin derivatives. As seen from their structure ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}B), most of them contained the major part of hispidin. According to research, 2,5-bis(4,7-dihydroxy-8-methyl-2-oxo-2*H*-chromen-3-yl)cyclohexa-2,5-diene-1,4-dione was a potent α-glucosidase inhibitor.^[@ref26]^ Davallialactone and hypholomine B were found to inhibit the aldose reductase (AR) enzyme of rat (IC~50~ = 0.33 and 0.82 μM) and human (IC~50~ = 0.56 and 1.28 μM) lenses, respectively.^[@ref27]^ Reduction of the polyol pathway flux by AR inhibitors was a potential therapeutic opening in the treatment and prevention of diabetic complications.^[@ref28]^ Hispidin from the fruit body of wild *Phellinus* was shown to exhibit antidiabetic effects through preventing the damage of β-cells induced by reactive oxygen species.^[@ref13],[@ref29],[@ref30]^ β-cell dysfunction is thought to be integral to the pathogenesis of type 2 DM.^[@ref31]^ It was also found that davallialactone could prevent and treat liver damage.^[@ref32]^ Nevertheless, the previous literature did not explicitly involve the use of these compounds in treating diabetes. Accumulated data showed that oxidation stress was one of the main mechanisms leading to type 2 diabetes,^[@ref33]^ and the liver is an important organ for the metabolism of sugars in the body. Taken together, it was indicated that all these substances were associated with antidiabetic effects.

![Major constituents of the EtOAc fraction from the fruit body of cultivated *P. baumii* (PB-EtOAc). (A) HPLC chromatogram of PB-EtOAc at 254 nm with peaks **1--6**. (B) Chemical structures of compounds **1--6** identified from PB-EtOAc.](ao9b04478_0002){#fig2}

###### Retention Time and Mass Spectral Information of Compounds **1--6** in the EtOAc Fraction

  RT (min)   MS (*m*/*z*)   formula           fragment ions        peak area (%)   compound
  ---------- -------------- ----------------- -------------------- --------------- --------------------------------------------------------------------------------------
  28.54      177.0569       C~10~H~10~O~3~    177, 171, 121, 119   1.09            osmudacetone
  38.07      245.0451       C~13~H~10~O~5~    245, 144, 121        2.96            hispidin
  54.31      463.1029       C~25~H~20~O~9~    463, 405,121         13.72           davallialactone
  60.94      487.0656       C~26~H~16~O~10~   487, 277, 121        10.70           2,5-bis(4,7-dihydroxy-8-methyl-2-oxo-2*H*-chromen-3-yl)cyclohexa-2,5-diene-1,4-dione
  72.53      489.0816       C~26~H~18~O~10~   489, 445, 335, 241   34.66           hypholomine B
  81.98      461.0785       C~25~H~18~O~9~    461, 459, 230        6.32            inoscavin A

2.4. Establishment of an Insulin-Resistant HepG2 Cell Model {#sec2.4}
-----------------------------------------------------------

The establishment of the HepG2 cell insulin-resistant model depended on the insulin concentration and the culture time. Observed from [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}A, HepG2 cells were treated with different concentrations of insulin (10^--2^, 10^--3^, 10^--4^, and 10^--5^ mM) for 24 h, and a significant decrease (*P* \< 0.05) in glucose consumption was found in the group at 10^--3^ mM with a value of 11.58 ± 0.35% as compared with the control group. HepG2 cells were then treated with an optimized concentration of 10^--3^ mM insulin and cultured for 12, 24, and 36 h. As shown in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}B, the value of glucose consumption in the group at 24 h was significantly lower than those in the groups at 12 and 36 h. Therefore, HepG2 cells treated for 24 h with 10^--3^ mM insulin were at the optimized condition for cell modeling.

![Effects of different concentrations of insulin and cultured time on glucose consumption in HepG2 cells. Results are means ± SD (*n* = 3). (A) Glucose consumption in HepG2 cells under different concentrations of insulin. \**P* \< 0.05, which is compared with the control. (B) Glucose consumption in HepG2 cells under different culture times. ^\#^*P* \< 0.05, which is compared with 24 h group. Different letters indicate a significant difference by Tukey test.](ao9b04478_0003){#fig3}

2.5. Effects of Ethyl Acetate Fraction Concentration on Cell Viability {#sec2.5}
----------------------------------------------------------------------

The concentration of the samples would have a strong impact on the HepG2 cells. As seen from the data in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}, little toxic effects were induced on the cells when the concentration of ethyl acetate extracts was below 100 μg mL^--1^. At concentrations of 100--600 μg mL^--1^, the ethyl acetate extracts exerted certain inhibition on the cell viability. Hence, the concentrations of 25, 50, and 100 μg mL^--1^ were chosen in the subsequent experiments.

![MTT assay results of EtOAc fraction from the fruit body of cultivated *P. baumii* at different concentrations. Results are means ± SD (*n* = 3).](ao9b04478_0004){#fig4}

2.6. Effects of Ethyl Acetate Fraction on Insulin Resistance in HepG2 Cells {#sec2.6}
---------------------------------------------------------------------------

Insulin resistance is an important characteristic of type 2 DM. Therefore, it was further explored whether the EtOAc fraction from the fruit body of the cultivated *P. baumii* could alleviate the insulin resistance.

As shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}, when the cells were in a state of insulin resistance (optimized cultured in 10^--3^ mM of insulin for 24 h), the glucose consumption of the cells was significantly reduced compared with the control group (*P* \< 0.05). The number of insulin receptors on the cell surface was decreased at a relatively high concentration of insulin,^[@ref34]^ which improved when treated with the EtOAc fraction of cultivated *P. baumii*. The results also showed that the alleviation effects of the EtOAc fraction on insulin resistance were in a dose-dependent manner at nontoxic concentrations. The positive control of metformin is a common medicine for the treatment of type 2 diabetes.^[@ref35]^ Regulating hepatic glucose production and improving the insulin receptor sensitivity on the cell surface were attributed to the blood sugar lowering activities of metformin.^[@ref36]^ At a concentration of 100 μg mL^--1^, the ability of the EtOAc fraction to improve HepG2 cell insulin resistance was approximately equivalent to that of metformin (100 μg mL^--1^). It was reported that EE rich in phenol from the wild *P. igniarius* fruit body could alleviate insulin resistance.^[@ref16]^ Further test by Zheng also suggested that the extracts could enhance glucose uptake in L6 cells, and these phenolic compounds were identified as 7,8-dihydroxycoumarin, 3,4-dihydroxybenzalacetone, 7,3′-dihydroxy-5′-methoxyisoflavone, and inoscavin C. We report herein that the phenolic-rich extracts from the cultivated *P. baumii* fruit body also undertake the similar function in HepG2 cells, and the phenolic compounds were characterized as osmudacetone, hispidin, davallialactone, 2,5-bis(4,7-dihydroxy-8-methyl-2-oxo-2*H*-chromen-3-yl)cyclohexa-2,5-diene-1,4-dione, hypholomin B, and inoscavin A, which were totally different from the compounds found by Zheng, and it might be attributed to the difference in the type of raw material, the extraction method, and the consequent active substances. In conclusion, the cultivated *P. baumii* fruit body could be explored as novel therapeutic products on type 2 DM.

![Effects of the EtOAc fraction from the fruiting body of *P. baumii* on glucose consumption in insulin-resistant HepG2 cells. "IR" represents the insulin resistance group; "metformin" represents the positive control group of metformin. Results are means ± SD (*n* = 3). Different letters indicate a significant difference by Tukey test. \**P* \< 0.05, which is compared with the control; ^\#^*P* \< 0.05, which is compared with metformin; ^△^*P* \< 0.05, which is compared with IR.](ao9b04478_0005){#fig5}

2.7. In Vitro Antioxidant Activity {#sec2.7}
----------------------------------

The results of the in vitro antioxidant activity of the EtOAc fraction are shown in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}. The EtOAc fraction displayed dose-dependent antioxidant activity in the range of 5--40 μg mL^--1^.

![DPPH (A), ABTS (B), and hydroxyl radical (C) scavenging activities of the EtOAc fraction from the fruiting body of *P. baumii*. Data are expressed as means ± SD of at least three independent experiments. Different letters indicate a significant difference according to the Tukey test. \**P* \< 0.05, \*\**P* \< 0.01, which is compared with Vc.](ao9b04478_0006){#fig6}

DPPH has been used in various models to test the free radical quenching ability of natural products.^[@ref37]^ As shown in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}A, the DPPH radical scavenging ratio of the EtOAc fraction (40 μg mL^--1^) was 78.12 ± 2.73%.

In the ABTS analysis, ABTS^•+^ reacts with hydrogen donor molecules, and so there is a positive correlation between the radical scavenging activity of phenolic compounds and their hydroxyl number.^[@ref38]^ Our results are consistent with the above theory. As shown in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}B, the free-radical scavenging ability of the EtOAc fraction (40 μg mL^--1^) against ABTS^•+^ was 86.08 ± 2.47%, which was comparable to that of vitamin C (Vc) (20 μg mL^--1^, 84.03 ± 2.16%).

The hydroxyl radicals' scavenging ability is a result of their combined action of reducing power, hydrogen supply, and scavenging for active oxygen molecules.^[@ref39]^ As shown in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}C, the hydroxyl radical scavenging ability of the EtOAc fraction is 50.12 ± 1.97% at a concentration of 40 μg mL^--1^.

The EtOAc fraction of cultivated *P. baumii* had equivalent free-radical scavenging effects at a concentration of 40 μg mL^--1^, as compared with that of the methanol extracts (500 μg mL^--1^) of wild *Phellinus*.^[@ref40]^ The phenolic compounds had the ability to delay or inhibit the oxidative damage caused by free radicals.^[@ref41]^ Oxidative stress is an important risk factor for the onset and development of type 2 DM.^[@ref38]^ Oxidative stress might damage the tissue of β-cells, which are involved in glucose metabolism. Natural antioxidants might be used to treat diabetes by improving β-cell dysfunction and reducing these cells' apoptosis.^[@ref42]^ Hence, the EtOAc fraction's antioxidant activity contributes to the potential antidiabetic effect.

3. Conclusions {#sec3}
==============

In this study, the fractions of PET, EtOAc, *n*-BuOH, and water were obtained after successive extractions of 80% EE from a cultivated *P. baumii* fruit body. In the α-glucosidase inhibition test, the EtOAc fraction with the highest content of phenolics (79.45 ± 0.48%) showed the optimal effect (IC~50~ = 49.05 ± 3.14 μg mL^--1^). Six phenolic compounds were characterized from the EtOAc fraction, namely, osmudacetone, hispidin, davallialactone, 2,5-bis(4,7-dihydroxy-8-methyl-2-oxo-2*H*-chromen-3-yl)cyclohexa-2,5-diene-1,4-dione, hypholomin B, and inoscavin A. The evaluation of the 3-\[4, 5-dimethylthiazol-2-yl\]-2, 5-diphenyl tetrazolium bromide (MTT) assay indicated that the EtOAc fraction had a nontoxic effect on the HepG2 cells of concentration less than 100 μg mL^--1^. The EtOAc fraction was able to increase glucose consumption in insulin-resistant HepG2 cells at a concentration range of 25--100 μg mL^--1^, and the values were equivalent to that of the positive control of metformin at a concentration of 100 μg mL^--1^. The EtOAc fraction displayed significant antioxidant activities in evaluations by DPPH, ABTS, and hydroxyl radical tests.

In summary, the results implied that the phenolic compounds in the cultivated *P. baumii* fruit body were able to inhibit glucose formation, improve glucose consumption, and reduce oxidative stress, which suggests that the fruit body is likely to be utilized as a sustainable medicinal or functional food resource for the regulation of type 2 DM. In general, this study fills in the gap of the antidiabetes effects of the phenolic compounds in cultivated *P. baumii*. Nevertheless, further in vitro and in vivo in-depth studies are required to explore the mechanisms involved in regulating DM.

4. Materials and Methods {#sec4}
========================

4.1. Materials and Reagents {#sec4.1}
---------------------------

Cultivated *P. baumii* fruit body ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}) harvested in May 2018 was promptly provided by the Sericultural Research Institute, Zhejiang Academy of Agricultural Sciences (Hangzhou, China), and the species was identified by Professor Lizhong Fu at the Zhejiang Chinese Medical University. α-Glucosidase from *Saccharomyces cerevisiae* (10 U mg^--1^), a glucose assay kit, bovine insulin, metformin, dimethyl sulfoxide (DMSO), antibiotic (100 U mL^--1^ penicillin and 100 μg mL^--1^ streptomycin), potassium persulfate, DPPH, and ABTS were all purchased from Sigma-Aldrich Co., Ltd. (St Louis, USA). High-glucose Dulbecco's modified Eagle's medium (DMEM) medium, phenol red-free, low-glucose DMEM medium, and fetal bovine serum (FBS) were all acquired from Hyclone (Logan, Utah, USA). All other reagents used were of analytical grade.

![Fruit bodies of *P. baumii* cultivated in a greenhouse.](ao9b04478_0007){#fig7}

4.2. Isolation and Determination of the Bioactive Compounds {#sec4.2}
-----------------------------------------------------------

As shown in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}, 1.5 kg of cultivated *P. baumii* fruit body was crushed and ground into powder and then dried by a forced-air oven (GZX-9070MBE, Boxun Medical Biological Instruments Co., Ltd, Shanghai, China) at 50 °C for 2 h. Afterward, it was extracted twice by 6.0 L of 80% ethanol at room temperature for 72 h. The EE were combined and filtered by a no. 1 Whatman filter paper, concentrated, and dried with a vacuum rotary evaporator (RV3 Flex, IKA Instrument and Equipment Co., Ltd, Guangzhou, China) at 45 °C. The dried matter was resuspended and homogenized in 2.0 L of purified water (1:10, v/v) in a 5.0 L separating funnel and then fractionally extracted with PET (4 × 2 L), ethyl acetate (4 × 2 L), and *n*-butanol (4 × 2 L), separately. Four fractions were subsequently obtained by vacuum drying and classified as PET, EtOAc, *n*-BuOH, and water fractions (the remains). The yield of each fraction was calculated by dividing its dry weight by that of the raw material.

![Flow chart of the fractions extracted from the fruit body of cultivated *P. baumii*.](ao9b04478_0008){#fig8}

4.3. Determination of Total Polyphenols {#sec4.3}
---------------------------------------

The total polyphenols in the fraction of the cultivated *P. baumii* were determined by the Folin-phenol method with a slight modification.^[@ref43]^ In short, 10.0 mg of each fraction was accurately weighed and dissolved with methanol to a volume of 10 mL. Then, 0.5 mL of the sample solution was mixed in a test tube with 0.5 mL of 0.25 mol L^--1^ Folin--Ciocalteu reagent. After 3 min, 1.0 mL of 15% Na~2~CO~3~ solution was mixed and left for 30 min. The blue supernatant was obtained by centrifugation for 5 min at 3500 rpm. The absorbance was measured at 760 nm, with 15% Na~2~CO~3~ being used as the blank control. The total contents of the polyphenols in the sample were based on the standard pyrogallol curve.

4.4. α-Glucosidase Inhibitory Activity Assay {#sec4.4}
--------------------------------------------

The α-glucosidase inhibitory activities of the fraction were assayed using a slight modification of the method.^[@ref44]^ Briefly, 100 μL of α-glucosidase (0.5 U mL^--1^) in 100 mM pH 6.9 phosphate buffer and 50 μL of sample solution in 10% [methanol](https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/methanol) were mixed in 96-well plates and incubated for 10 min at room temperature. After that, 50 μL of 5 mM *p*-NPG (4-nitrophenyl-β-[d]{.smallcaps}-glucopyranoside) in the phosphate buffer was added to initiate the reaction in each well and incubated for 10 min at room temperature, and then the optical density value was determined by a spectrophotometer at 405 nm. Acarbose was used as the positive control. Finally, the α-glucosidase inhibitory activity was calculated as follows:where "*A*~control~" represents the absorbance of the phosphate buffer and enzyme system; "*A*~blank control~" represents the absorbance of the phosphate buffer; "*A*~sample~" represents the absorbance of the extracts, phosphate buffer, and enzyme system; and "*A*~blank sample~" represents the absorbance of the extracts and phosphate buffer only. The inhibition activity was expressed as the half-inhibitory concentration (IC~50~) value.

4.5. Cell Culture and MTT Assay {#sec4.5}
-------------------------------

The cell culture protocol was followed as described previously.^[@ref45]^ In brief, HepG2 cells were cultured in a complete medium (high-glucose DMEM + 10% FBS + 1% penicillin and streptomycin) and placed in culture flasks. The medium was renewed every second day, and the subsequent serial passage of the cells was performed by trypsin digestion.

The evaluation of cell viability was according to the MTT method.^[@ref46]^ In short, the HepG2 cells were seeded on 96 multiwell plates at 4 × 10^3^ cells per well and cultured for 48 h. Then, DMEM was added at different sample concentrations (25, 50, and 100 μg mL^--1^) and allowed to continue culturing for a further 24 h. After that, 20 μL of MTT solution (5.0 mg mL^--1^ in phosphate-buffered saline, pH 7.4) was added to each well and further incubated at 37 °C for 4 h, and then 100 μL of DMSO was added into each well and mixed on a gyratory shaker for 30 min. Finally, the plates were scanned at 570 nm.

4.6. IR-HepG2 Cell Model {#sec4.6}
------------------------

An insulin-resistant cell model was induced according to the previous method with some modification.^[@ref47]^ The cells were seeded in 96-well plates (10^4^ cells per well) and then incubated in the complete medium for 24 h. In order to construct a model of cellular insulin resistance, the optional concentration of insulin was first investigated at different concentrations of 10^--2^, 10^--3^, 10^--4^, and 10^--5^ mM for 24 h, and then the optimized concentration of 10^--3^ mM insulin was cultured for 12, 24, and 36 h, respectively. After the cells were washed with DMEM, the glucose consumption was measured with a glucose kit.

The cells were divided into four groups: (1) the control group, with a culture of normal HepG2 cells in DMEM medium; (2) the insulin resistance group, with a culture of IR-HepG2 cells in DMEM medium; (3) the experimental group, with a culture of IR-HepG2 cells in DMEM medium with extracts (25, 50, and 100 μg mL^--1^); and (4) the metformin group, with a culture of IR-HepG2 cells in medium with 100 μg mL^--1^ of metformin. All cells were cultured in an incubator for 24 h at 37 °C. Each group had six parallel wells. The glucose consumption was detected by the glucose oxidase/peroxidase assay kit following the manufacturer's instructions.

4.7. Chemical Characterization of the Ethyl Acetate Fraction {#sec4.7}
------------------------------------------------------------

Chemical characterization of the ethyl acetate fraction was carried out on an LC--MS system (Waters UPLC Synapt G2-Si HDMS, Milford, MA, USA) with a Waters C18 column (5 μm, 4.6 × 150 mm). Purified water (A) and acetonitrile (B) containing 0.1% formic acid were used as mobile phases. The gradient program was used as follows: 0--20 min, 5--20% B; 20--60 min, 20--50% B; and 60--95 min, 50--100% B. The column was equilibrated for 5 min between each injection. The flow rate was 1.0 mL min^--1^, and the injection volume was 10.0 μL. Electrospray ionization-mass spectra were recorded in the negative ion mode. The capillary voltage was 2500 V, the cone hole voltage was 40 V, and the sample extraction voltage was 5.0 V. The ion source temperature was 120 °C, and the desolvent gas temperature was 350 °C. The spray gas was high purity nitrogen (N~2~), and the collision gas was high purity argon (Ar). The reverse gas flow rate was 80 L h^--1^, and the solvent removal gas flow rate was 800 L h^--1^. The MS scanning range was 100--1200 amu, and the scanning time was 0.3 s. Finally, the compounds were tentatively identified through comparisons with the literature data.

4.8. Hydroxyl Radical Assay {#sec4.8}
---------------------------

### 4.8.1. DPPH Assay {#sec4.8.1}

The DPPH assay was carried out according to the previous report with a slight modification.^[@ref37]^ Briefly, 2.0 mL of the sample solution was added to 2.0 mL of the DPPH solution (0.1 mM); the reaction solution was vortexed and then left in the dark at room temperature for 30 min. The absorbance was measured at 517 nm, and Vc was used as the positive control. The activity was expressed as a percentage of DPPH scavenging using the following equationwhere *A*~0~ is the absorbance of the control and *A*~1~ is the absorbance of the test sample.

### 4.8.2. ABTS Assay {#sec4.8.2}

The ABTS scavenging activity was assayed according to the previous report with a slight modification.^[@ref48]^ Briefly, the ABTS^•+^ reagent was produced by reacting 10 mL of 7 mM ABTS and 179 mL of 140 mM potassium persulphate and incubated in the dark for 12 h at room temperature before use. The ABTS^•+^ solution was then diluted 20-fold with water prior to analysis. Different concentrations of samples (0.1 mL) was added to 3.0 mL of the ABTS^•+^ cation solution and then mixed thoroughly. The reaction mixture was kept at room temperature in the dark for 10 min, and the absorbance was recorded at 734 nm; Vc was used as the positive control. The antioxidant activity was expressed as the percentage of ABTS^•+^ scavenging using the following equationwhere *A*~0~ is the absorbance of the control and *A*~1~ is the absorbance of the test samples.

### 4.8.3. Hydroxyl Radical Assay {#sec4.8.3}

The ^•^OH scavenging activity assay was carried out according to the previous report with a slight modification.^[@ref39]^ Briefly, different concentrations of samples were added to a reaction solution containing 1.0 mL of 6 mM FeSO~4~ and 1.0 mL of 6 mM H~2~O~2~ and left to stand for 10 min. After adding 1.0 mL of 6 mM salicylic acid, the reaction mixture was incubated at 37 °C for 30 min and centrifuged at 3000 rpm for 10 min. The absorbance was measured at 510 nm; Vc was used as the positive control. The percentage of the hydroxyl radical scavenging ability was subsequently calculatedwhere *A*~0~ is the absorbance of the control and *A*~1~ is the absorbance of the test samples.

4.9. Data Analysis {#sec4.9}
------------------

All data are presented as the mean ± standard deviation (SD) from at least triplicate analysis of each sample. The statistical analysis was performed by analyzing the one-way analysis of variance followed by Tukey's or Duncan's test. A probability (*P*) value of less than 0.05 was considered statistically significant, and less than 0.01 was considered extremely significant. Data were analyzed using version 20.0 SPSS Statistics (SPSS Inc., Chicago, IL).
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